Aculeximycin (1) produced by Streptosporangium albidum possesses a 30-membered polyhydroxy macrocyclic lactone and five sugars including aculexitriose. Wehave described the determination of the planar structure of N-diacetylated aculeximycin (2) using degradation products, which were obtained by DBU-methanol treatment, ozonolysis and periodative oxidation. In order to determine the relative and absolute configurations ofaculeximycin, first, the relative and absolute configurations of the degradation products 10, ll, 12 and 13 were determined. Rychnovsky's method was very useful to determine the relative configurations of these degradation products, and CDexciton chirality and the modified Mosher's methodswere applied to determine their absolute configurations. Fromthese results, fourteen out of the twenty asymmetric centers in aculeximycin were determined to be 5S, \1R, 205, 21R, 23R, 24R, 295, 30i?, 315, 347?, 355, 365 and 31R. The absolute configurations at C-14 and C-15 on the hemiketal ring were confirmed using 12 obtained by the partial glycol bond cleavage of 9. Absolute configurations of the remaining asymmetric centers were determined by spectral analysis of 15 and NOEexperiment on 1. From these results, the absolute configuration of
1 was determined to be 55, 1R, 105, UR, 14R, 155, \1R, 19R, 205, 2\R, 23R, 24i?, 255, 295, 30R, 315, 34/?, 355, 365and31R. In the preceding paper, we described the planar structure of aculeximycin produced by Streptosporangium albidum. Aculeximycin (1) , whose molecular weight is 1672, is a 30-membered macrolide antibiotic with five sugar moieties and twenty chiral centers that exist on the macrolide backbone. The absolute configurations of the sugar moieties have been determined to be O-6-deoxy-jS-D-g/wcopyranosyl-(1^2)-O- [3- acetamido-2,3 ,6-trideoxy-j6-D-araZ?mo-hexsopyranosyl-(l -»3)]-6-deoxy-/?-D-g/wc0 pyranose (aculexitriose), D-mannoseand L-vancosamine1} . The planar structure of aculeximycin is closely related to those of sporaviridins2). However, the absolute configurations of these compoundshave not been determined. In this paper, we report the determination of the absolute configurations at all chiral centers of aculeximycin as shown in Fig. 1 . The studies were mainly performed using its degradation products obtained by the reaction sequence presented in Fig. 23 '4) because these degradation products would be AUG. 1995 partially available for the determination of the stereochemistry of sporaviridins. In this study, the following sequence was planned for the establishment of the absolute stereochemistry of 1: 1) Determination of the relative configurations of the degradation products, 2) Determination of the absolute configurations of the degradation products, 3) Determination of the absolute configurations of the remaining part that is not included in the previously mentioned degradation products, and 4) Establishment of the total absolute stereochemistry of 1 by evaluation of the above information. The degradation products of 1 possess three to six hydroxy and a few methyl groups on their carbon chains. It is difficult to determine the relative configurations by coupling constants in the XHNMR spectra of these degradation products because the conformation of the compoundscannot be confirmed. Although the formation of an acetonide from a 1,3-diol and/or a 6-membered hemiketal ring from a 1,3,5-triol (1) and 7V-diacetylated aculeximycin (2) , and it's degradation products (3) (4) (5) .
Fig. 2. Degradation procedure for N-acetylated pseudoaglycone I (4).
unit had been tried to fix the conformation5), it is not always easy to determine the conformation, except for a chair conformation, using XHNMR spectroscopy. Schreiber et al. found that various per-acetonide derivatives are unsuitable for the XHNMRspectral analysis due to the overlap of the key proton resonances6).
Recently, Rychnovsky et al. reported that the conformation of the 1,3-dioxane ruig corresponded to the relative configuration of the 1,3-diol, and the chemical shifts of two acetonide methyl carbons can differentiate between chair (l,3-syn-dio\) from twisted boat (1 ,3-anti- diol) conformations7~10). Therefore, the relative configurations of the 1,3-diol units in the degradation products were determined using Rychnovsky's method. Additionally, because this method identified the conformation of the 1,3-dioxane rings, it was possible to determine the relative configuration of the methyl groups at C-2 in the 1,3-diols. Namely, in the case of syn -1,3-diol with acetonide, the configuration of the methyl group at C-2 can be determined by the coupling constants between H-l and H-2, and H-2 and H-3, whereas the relative configuration of the methyl group at C-2 can be determined using the nuclear Overhauser effect (NOE) between methyl protons at C-2 and H-l (or H-3) in the case of the awf/-1,3-diol acetonide.
For the determination of the absolute configurations of asymmetric carbons bearing a hydroxy group in aculeximycin, modified Mosher's methods1 1>12) and CD exciton chirality were mainly used. The modified Mosher method is based on the evaluation of the different chemical shifts of diastereomeric compounds with (S)-and (i?)-a-methoxy-a-(trimioromethyl)phenylacetic acid (MTPA) esters. Although this method is very useful to determine the absolute configuration of a carbon with a functional group such as hydroxy and amino groups, all hydroxy groups except the target hydroxy group have to be masked with appropriate protection groups in the case of 1,3-polyols.
To use the CD exciton chirality method, a target compoundmust be converted into its dibenzoate derivative. It has been reported that the CD exciton chirality method was applied to an acyclic system13) and 1,3-diol systems including a primary alcohol, which exhibit the Cotton effect corresponding to the configurations (Table  l) 14~17)? indicating that the CD exciton chirality method can be used without consideration of conformations. Although Nakanishi et al. applied the CDexciton method to compoundswith many chromophores, it was difficult to interpret the CDspectra18~20> that we obtained. However, if the relationship of two benzoate chromophores of a 1,3-polyol systems can be clarified, it is not difficult to interpret the CDspectrum.
Indeed, the difference CD (DIF CD) method of allyl-polybenzoate systems was successfully applied21}. Considering these facts, we applied the CD exciton chirality method to the degradation products with even-numbersof hydroxy groups and the modified Mosher method to the degradation products with odd-numbers of hydroxy groups.
Results
Absolute Stereochemistry of the Degradation Products 10, ll, 12 and 13 The degradation product 10 possesses four hydroxy groups including two primary alcohols and three asymmetric centers at C-29, C-30 and C-31. The relative configuration at C-29/C-31 was established to be 29,31-anti using Rychnovsky's method because the two acetonide methyl carbons and one ketal carbon appeared at <5 23.6, 24.6 and 101.1, respectively, in the 13C NMRspectrum of 10a. The an//-acetonide exists in the twisted boat conformation due to the 1,3-diaxial interaction that would be present in either chair conformation. The relative configuration at C-30/C-31 was determined to be 30,31-syn because irradiation of methyl protons at C-30 resulted in enhancement of the signals corresponding to H-29 (7.86%) and H-30 (6.63%) in the XH NMR spectrum of 10a. Consequently, the relative configurations of 10 were determined to be 29,30-anti and 30,31-syn. The absolute configurations of 10 were determined using the CD exciton chirality method with 10b. The CD spectrum of 10b showed a large positive first Cotton effect at 247 nm (As +27.5) and second negative Cotton effect at 230.8 nm (As -12.7), indicating that the absolute VOL.48 NO.8 THE JOURNAL OF ANTIBIOTICS configurations of 10 were 29S, 30S* and 317?* (the asterisked absolute configuration of the degradation product is reversed in aculeximycin).
Compound ll possesses four asymmetric centers at C-34, C-35, C-36 and C-37 of the aglycone. The relative configuration at C-35/C-37 was determined to be 35,37-syn in the *H NMRspectrum of lla indicated that the three substituents at C-35, C-36 and C-37 are equatorially disposed. Eventually, the relative configurations at C-35/ C-36 and C-36/C-37 were determined to be 35,36-anti and 36,37-anti, respectively. Although the reaction of ll with 2,2-dimethoxypropane was used to determine the relative configuration at C-34/C-35, the resulting product was not lib but lie. Therefore, the relative configuration at C-34/C-35 was determined using 7a, which possesses an acetonide at C-33/C-35. showed that the substituent at C-34 was axially disposed (34,35-syn) . From these results, the relative configurations of 7 were determined to be 34, 35-syn, 35,36-anti and 36,37-anti. Although the determination of the configuration of ll was initially attempted using the modified Mosher method, the preparation of lib failed as previously described. Consequently, the CDexciton chirality method was applied to lid, which was confirmed to be the 1,5-dibenzoate of ll based on a the following On the other hand, in the 13C NMRspectrum of 12b, six acetoiii.de methyl carbons were observed at S 30.5, 30.2, 25.3, 24.2, 19.5 and 19.4 , and three ketal carbons were observed at S 100. 8, 98.7 and 98.4 conformation, the relative configuration between C-20 and C-21 was determined to be 20,21-anti. Namely, the relative configurations of 12 were determined to be 17,19-anti, 19,20-syn, 20,21-anti, 21,23-anti and 23,24- syn.
The tetrabenzoate with two pivaloyl esters (12c) and the hexabenzoate (12d) derivatives were prepared to determine the absolute configuration of 12. It was considered that 12c and 12d exist in the same conformation, because the coupling patterns of the oxymethine proton signals in the 1H NMRspectrum of 12c were similar to those in 12d. The CDspectrum of 12c showed a positive first Cotton effect at 247.6nm (As +42.2) and a negative second Cotton effect at 229.6nm (As -19.6) as shown in Fig. 3 . Also, the CD spectrum of 12d showed a positive first Cotton effect at 249.0nm
(As +30.7) and a negative second Cotton effect at 229.6nm (As -13.1). It was expected that the difference of the amplitude of 12c and 12d at both Cotton effects is due to the presence or absence of a 1,3-dibenzoate at C-15/C-17 and C-23/C-25. The dibenzoates between C-15 and C-17, and between C-23 and C-25 were expected to exhibit the same sign of Cotton effects, because the relative configurations of all hydroxy groups in 12 were fortunately all anti. Actually, the DIF CD spectrum (12d-12c) showed a negative first cotton effect at 244.6nm (As -13.9) and a positive second Cotton effect at 226.6nm (As +6.9) as shown in Fig. 3 , indicating that the absolute configurations at C-17 and C-23 of 12 were 17S* and 23R, respectively. Consequently, the absolute configurations of12 were 17S*, 19jR, 20S, 21R, 23R and 24R (the asterisked absolute configurations of the degradation product is reversed in aculeximycin).
Compound 13 is a triol compound possessing a tetrahydropyran ring. The coupling constant (9.5 Hz) between H-10 and H-ll, and NOEs between H-ll and H-7 (6.91%) and between H-l1 and the methyl group at C-10 (0.72%) indicated that the tetrahydropyran ring exists in the chair conformation and that the three substituents on the ring are equatorially disposed. Thus the relative configurations at C-7/C-10 and C-10/C-ll of 13 are 1,10-anti and 10,1 1-anti, respectively. Although the relative configuration at C-10/C-ll of 13 was determined to be \Q,\ \-anti, the relative configuration did not always coincide with the original one in aculeximycin because the chirality at C-l l was an artifact formed by DBU-MeOH treatment. The relative configuration between C-5 and C-7 has remained in question. The absolute configuration at C-5 of 13 was determined to be 5S using the modified Mosher method. Compounds13a and 13b were prepared by protection of the two primary alcohols with pivaloyl groups followed by esterification at C-5 with ( 13a and 13b.
C-10~CH3 (A3 +0.02), and up field shifts of H-3 (A3 -0.19) as shown in Fig. 4 , indicating that the configuration was 5 for C-5 of 13. The assignment was also supported by the CDexciton chirality method for 13c. The CDspectrum of 13c showed a negative first Cotton effect at 247.4nm (As -9.9) and second positive Cotton effect at 229.0nm (As +4.5), indicating that the absolute configuration at C-5 was 55, because the tetrahydropyran ring exists between C-5 and C-13 and two 4-chlorobenzoates at C-3 and C-5 are not interacting with that at C-13. The relationship between the absolute configuration at C-5 and other chiral centers (C-7 and C-10) will be described later.
Fromthe previously mentioned experiments, fourteen of the twenty asymmetric centers in aculeximycin have been determined as follows: 55, 17R, 19R, 205, 21R, 23R, 24R, 295, 30R, 315, 34R, 355, 365 and 37R. However, the absolute configurations at C-7, C-10, C-l 1 , C-14, C-15 and C-25 remained unsolved. In our preceding paper, we described that aculeximycin possesses a six-membered hemiketal ring and four substituents are equatorially disposed on the ring. Namely, the relative configurations at C-14/C-15 and C-15/C-17 were syn and anti, respectively.
Since the absolute configuration at C-17 had been determined to be llR, the absolute configurations at C-14 and C-15 were determined to be 14R and 15S, respectively. Absolute Configurations at C-7, C-10 and C-l l In order to determine the absolute configurations at C-7, C-10 and C-ll, 2 was degradated to yield 15 by ozonolysis and cleavage of the glycols with sodium periodate followed by methanolysis (Fig. 5) . The relative configuration at C-5/C-7 of 15 was established to be 5,7-syn by the 13C NMRanalysis of 15a, because two acetonide methyl carbons and a ketal carbon appeared at 3 19.7, 30.5 and 98.6, respectively. Because 5S and 7,10-anti configurations had been determined, the absolute configurations at C-7 and C-1 0 were determined to be 1R and 10S, respectively. Moreover, the absolute configuration at C-ll could be determined to be llS using the modified Mosher method for 15b and 15c (Fig. 5b) .
Absolute Configuration at C-25
The absolute configuration at C-25 was determined using rotating frame nuclear Overhauser and exchange spectroscopy (ROESY)of 1. The presence of an NOE between the methyl group at C-26 (S 1.36) and H-24 (3 1.55) indicated that the two groups were spatially close (eclipsed) in a preferred conformation of 1 in the DMSO-d6. Further, a proton signal of H-27 (5 5.32) correlated with the methyl proton at C-24 (5 0.61) and the methine proton of H-25 (8 3.58) in the ROESY spectrum, Although the NOEcorrelation between H-25 and H-27 was explained in both the 25R and 255 configurations at C-25, another NOEcorrelation between H-27 and the methyl proton at C-24 was discrepant in the case of 25R configuration (Fig. 6) . Consequently, the absolute configuration was deduced to be 255.
Absolute Configuration of 1 From the results of these experiments, the total absolute configurations of aculeximycinwere determined to be 55, 7R, 105, Hi?, 14i?, 155, 17R, 19R, 205, 2\R, 23R, 24R, 255, 295, 30R, 315, 34R, 355, 365 and 37R. Discussion Bioactive compounds having 1,3-polyol system are widely distributed in nature and polyene and polyol macrolides are typical examples. Although the stereochemistries of the polyene macrolide amphotericin B23) and roxaticin24) have been determined by X-ray analysis, it has been very difficult to determine their structures with correct stereochemistry using conventional methods except for X-ray analysis. This may be due to the lack of available appropriate methodology. As will be described later, manytrials for the establishment of the absolute stereochemistry have been carried out for polyene macrolides, whereas no systematic study has been done for polyol macrolides. Although the ozonolysis products of lienomycin were converted into their 6-membered 1,3-dioxane ring analogs to determine the relative configuration of the sec-hydroxyl groups, and converted into their 6-memberedhemiacetal dibenzoates to establish their absolute configurations by the CD exciton chirality method25), the total absolute configura- The combination of the methods with reiterative degradation enables one to determine the stereochemistry of the 1,3-polyol. For the application of these methods, however, one of the two primary hydroxy groups of a 1,3-polyol fragment must be changed to its carboxylic acid and the other remain as the free hydroxy group. It is probably difficult to apply these methods to the degradation products from aculeximycin.
The structural differences of the 1,3-polyol chain between polyol macrolides including sporaviridins and polyene macrolides is attributed to the presence or absence ofa methyl group at C-2 of the 1 ,3-polyol moiety. Naturally, ozonolysis followed by periodative oxidation of a polyol macrolide gives 1,3-polyol fragments with a methyl group at C-2. Thus, the absolute configuration for the methyl group was required to be determined together with those for the 1,3-polyol for aculeximycin. Considering this point, the method used for lienomycin was suggested for our purpose, but was accompanied by the following difficulties: one must determine the coupling AUG. 1995 constants of the methylene protons at C-2 and two oxymethine protons for determination of the relative configuration of the formed acetonide ring with a twisted boat conformation. Furthermore, the isolation of a desirable anomer of the resulting hemiacetal dibenzoates, which shows cotton effects in the CD spectrum, is required and the confirmation of its conformation is also needed for determination of the absolute configuration. Weadopted Rychnovsky's method for the determination of the relative configuration of the 1,3-polyol moieties of aculeximycin. This method is very useful because not only the relative configuration of the 1 ,3-diol but also the conformation of the acetonide ring (chair or twisted boat conformation) can be determined. Consequently, the relative configurations of the methyl groups at C-2 could also be determined by the coupling constants of the methine signals at C-l, C-2 and C-3 in the case of the chair conformation and by NOEbetween the methyl and one of the two oxymethine signals in the case of the twisted boat conformation. For the absolute configuration, we applied the CD exciton chirality method and/or the modified Mosher method according to the number of hydroxy groups of the degradation products. The CD exciton chirality method is used for even-numbered hydroxy groups. If the degradation product is applicable to the simple dibenzoate patterns illustrated in Table 1 , the absolute configuration can be easily determined. The difference CDmethod is useful for more complicated cases. On the other hand, the degradation product with odd-numbered hydroxy groups is protected with pivaloyl and/or acetonide groups and a remaining free-secondary hydroxy group is changed to its (R)-and (S)-MTPA esters. Finally, both derivatives are examined by the modified Mosher method. The methods including NMRspectral and degradative studies for planar structure, Rychnovsky's method for relative structure, and the CDexciton method and modified
Mosher's method for absolute structure could be used for other macrolide antibiotics.
Thus, we could determine the total structure of aculeximycin with the absolute stereochemistry as shown in Fig. 1 by a procedure composed of the previously mentioned methods. Aculeximycin is the first and only macrolide antibiotic whose absolute configuration has been determined using these methods. As shown in a preceding paper, the structure of aculeximycin is similar to those of the sporaviridins.
For example, the partial structure from C-3 to C-l7 of aculeximycin corresponds to that from C-5 to C-l9 of the sporaviridins. Indeed, 13 from aculeximycin was identified with that from the sporaviridins based on optical rotation and XHNMR spectral data. The partial structure from C-20 to C-27 of sporaviridin is also similar to that from C-l8 to C-25 of aculeximycin. The 6-membered hemiketal ring, which may play an important role in determining the conformation of the macrocyclic ring, is commonnot only to aculeximycin and sporaviridins but also to polyol macrolides, suggesting that this moiety of other com- Experimental General NMRspectra were recorded using a JEOL GX-400, GX-270, GSX-400 or Bruker ARX-500 NMRspectrometer. HRFAB and FABmass spectra using xenon were obtained using a JEOLHX-110 spectrometer with glycerol or m-nitrobenzyl alcohol (NBA) as the matrix. El and CI mass spectra were recorded on a Shimadzu QP-1000 spectrometer. HPLCwas carried out on a Shimadzu LC-9A with a Shimadzu SPD-2A spectrometer and/or Erma ERC-7512as the detector. The separation was performed on a Cosmosil 5C18 or a Nucleosil 5C18 column for analysis. UVmeasurements were performed on a Shimadzu UV-2100 spectrophotometer. UV measurements were performed on 5~15 /iM methanol or ethanol solution and the concentrations were determined on the basis of the following approximate extinction coefficients: dibenzoate, s 42800; tribenzoate, e 64200; tetrabenzoate, s 85600; hexabenzoate, e 128400. CD spectra were recorded from 360~200nmon a JASCO J-600 spectropolarimeter and DIF CD spectra were calculated using a JASCOJ-600 data processing system.
Degradation of 7V-Acetylated Pseudoaglycone I (4)
The degradation procedure for 7V-acetylated pseudoaglycone I (4) was previously described2). Degradation products 10~13 had been identified.
Compound 10a
Compound 10 (1.5mg) was dissolved in 0.5ml of pyridine, and 12 jA ofpivaloyl chloride was added. After 13 minutes, the reaction mixture was evaporated to dryness. The residue was applied on silica gel flash chromatography (benzene-ethyl acetate 1 : 1) to yield 3.5mg of 10 with dipivaloyl esters. The dipivaloyl ester was dissolved in 1.0ml of 2,2-dimethoxypropane, and a catalytic amountofp-toluene sulfonate wasadded. After 2 hours, the reaction mixture was diluted with 4.0ml of diethyl ether and passed through a short column packed with basic alumina. The eluent was evaporated to yield C4H9COOH-2H20, 20.7%). The reaction products were dissolved in 1.0 ml of2,2-dimethoxypropane and catalytic amount of/?-toluene sulfonate was added. After 2 hours, the reaction mixture was diluted with 5 ml of diethylether and passed through a short column packed with basic almina. The eluent was evaporated to dryness. The residure was chromatographedon a silica gel column eluted with hexane -benzene (8 : 2) 
Compound lie
The compound ll (2.2mg) was dissolved in 0.3ml of 2,2-dimethoxypropane, and a catalytic amount of ptoluene sulfonate was added. After 3 hours, the reaction mixture was diluted with 5 ml of diethyl ether and passed through a short column packed with basic almina. The eluent was evaporated to dryness. The residue was chromatographed on a silica gel with benzene -hexane (7:3) 
Compound7a
Compound 7 (5.0mg) was dissolved in 0.5ml of 2,2-AUG. 1995 dimethoxypropane, and a catalytic amount of^-toluene sulfonate was added. After 3 hours, the reaction mixture was diluted with 5 ml of diethyl ether and passed through a short column packed with basic almina. The eluent was evaporated to dryness. The residue was chromatographed on a silica gel with ethyl acetate-hexane (2 : 8) and (4 : 6) added. After 18 hours, 2.0ml of methanol and 1.0ml of heptane were added, and the reaction mixture was evaporated to dryness. The residue was chromatographed on a silica gel with benzene-ethyl acetate (9: 1). The favorable fraction was dissolved in 50% methanol -water and adsorbed on an ODScartridge. The cartridge was washed with 50%, 70% and 80% methanol-water and eluted with 90% methanol-water to yield 0.8 mg of lid. 
Compound 12b
Compound 12 (5mg) was dissolved in 1.0ml of 2,2-dimethoxypropane, and catalytic amount of ptoluene sulfonate was added. After 1 hour, the reaction mixture was diluted with 5.0ml of diethyl ether and passed through a short column packed with basic almina. The eluent was evaporated to dryness and the residue was chromatographed on a silica gel with benzene -ethyl acetate (9:1) Compounds 13a and 13b
The compound 13 (8.1 mg) was dissolved in 1.0ml of pyridine and 30 jjI of pivaloyl chloride was added. After 7 minutes, methanol was added to the reaction mixture and evaporated to dryness. The residue was chromatographed on a silica gel with benzene -ethyl acetate (9 : 1) to yield 6.8mg of 13 with dipivaloyl esters. CI-MS (iso C4H10) m/z401 (M+H+, 40.0%), 383 (M+H+-H2O, base peak), 299 (M+H+-ten C4H9COOH, 12.1%),
281
(M+H+-H2O-ter* C4H9COOH, 7.6%). The compound (3.4mg) was dissolved in 0.5ml of pyridine and 0.5ml carbon tetrachloride, and 40/^1 of (/?)-(+)-MTPA-C1and a catalytic amount of dimethylamino pyridine were added. After 3 hours, the reaction mixture was extracted with ethyl acetate and chromatographed on a silica gel with benzene-ethyl acetate (9 : 1) 6, 128.5, 127.3, 80.0, 73.4, 71.5, 61.1, 60.2, 55.5, 39.3, 36.0, 32.7, 32.2, 31.9, 27.19 (x3) 3 204.7, 129.6, 128.4, 127.3, 80.2, 73.8, 71.4, 61.2, 60.0, 55.4, 39.9, 34.9, 32.7, 32.3, 32.0, 27.2 (x6) +0.09, AS (H-13a): +0.03, J£ (H-13b): 0.00. From the results of these data, absolute configuration at C-5 was determined to be 5S configuration. AUG. 1995 Compound 13 (2.2mg) was dissolved in 1.0ml of dry pyridine and 0.1 ml of 4-chlorobenzoyl chloride was added. After 30 minutes, the reaction mixture was evaporated to dryness. The residue was chromatographed on a silica gel to yield 2.0mg of 13c. CI-MS (NH3) m/z 
